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A data scheduling module, a data scheduling method and
computer program product thereof for a wireless communi-
cation apparatus are provided. The data scheduling method
comprises the following steps: determining that the frame
length of a second data transmission interval 1s not smaller
than a frame length of a first data transmission interval; sum-
ming at least one first data and at least one second data
according to the frame length of the second data transmission
interval; calculating an average value according to the frame
length of the second data transmission interval and the
summed result; calculating an aggregate data transmission
interval according to a data transmission capacity, the average
value, and an integer adjusting value; and transmitting the at
least one first data and the at least one second data via a
plurality of frames 1n accordance with the aggregate data
transmaission interval.
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DATA SCHEDULING MODULE, METHOD,
AND COMPUTER PROGRAM PRODUCT

THEREOF FOR A WIRELESS
COMMUNICATION APPARATUS

This application claims priority to Tatwan Patent Applica-
tion No. 097148035 filed on Dec. 10, 2008.

CROSS-REFERENCES TO RELAT
APPLICATIONS

L1

D,

Not applicable.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a data scheduling module,
a data scheduling method, and a computer program product
thereol for a wireless communication apparatus. More par-
ticularly, the present invention relates to a data scheduling
module, a data scheduling method, and a computer program
product thereof for prolonging the sleep time of a wireless
communication apparatus through data aggregation.

2. Descriptions of the Related Art

In terms of the range of coverage, wireless network
schemes currently available fall into the following categories:
the Wireless Wide Area Network (WWAN), the Wireless
Metropolitan Area Network (WMAN), the Wireless Local
Area Network (WLAN), the Bluetooth, the Infrared (IR)
wireless network and various other wireless network stan-
dards. Among these wireless network standards, WLAN has
the widest application 1n daily life, some examples of which
are the WL AN access points (APs) that do not require physi-
cal wiring and WL AN wireless network cards for use in home
computers.

Wireless networks have higher tlexibility than wired net-
works 1n terms ol both deployment and use. Meanwhile, the
use of the wireless network may also substantially reduce the
cost of manpower and materials associated with conventional
wired networks. However, albeit these advantages, the wire-
less networks still suffer from a number of limitations, such as
instable data transmission range, low data transmission secu-
rity, slow data transmission speed, etc.

Over recent years, consumers’ environmental awareness
has increased. As aresult, “power-saving” features are impor-
tant to be considered during the early design stages of various
clectronic products. The design and production of electronic
products related to wireless networks are of course no excep-
tion. For example, the IEEE802.16¢ wireless network stan-
dard has proposed three power-saving modes for the users’
choice 1n achieving power-saving objectives.

According to the first power-saving mode, a mobile station
presets an 1nitial sleep window early at the beginning of data
transmission. At the end of the mitial sleep window, the
mobile station will receirve a broadcast message from the base
station, informing the base station to either transmit or not
transmit data to the mobile station. If the base station 1s to
transmit data, the mobile station leaves from the sleep mode
to communicate with and recerve data from the base station.
Otherwise, 1f the base station has no data to transmit, the
mobile station will stay 1n the sleep mode by doubling the
sleep window to extend the sleep duration, thereby achieving
an improved power-saving effect. This power-saving mode 1s
mainly applicable to such network applications, such as
webpage browsing or data access.

According to the second power-saving mode, the mobile
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length early at the beginning of a data transmission. The
mobile station then transmits data to or receives data from a
base station at regular intervals according to the preset listen
window of a fixed length and keeps silent 1n the sleep window.
Unless the mobile station 1s actively requested to leave from
the sleep mode, 1t will continuously stay 1n the sleep mode.
With the nature of the fixed sleep window, this power-saving
mode 1s mainly applicable to network applications 1n a real-
time and periodic nature and with fixed data traffic such as
Voice over Internet Protocol (VolIP) or video streaming net-
work applications.

According to the third power-saving mode, before entering
the sleep mode, a mobile station transmits a notification mes-
sage to the base station so that the base station 1s mnformed
whether the mobile station 1s going to enter the sleep mode
and the desired duration of the current sleep window. Then the
base station acknowledges the request with the duration of the
sleep window. When the current sleep window expires, the
mobile station leaves from the sleep mode to resume normal
operations. Because the third power-saving mode does not
have the same periodic nature as in the aforesaid two power-
saving modes, this power-saving mode 1s mainly applicable
to the periodic management of mobile stations by a base
station, for example, 1nstructing a mobile station to make
signal adjustments consistent with the base station at regular
intervals.

FIG. 1 depicts the wireless network 1 of a prior art con-
forming to the IEEE802.16¢ wireless network standard and
adopting the second power-saving mode described above.
The wireless network 1 comprises a base station 101, a first
mobile station 103 and a second mobile station 105. FIG. 2 1s
a schematic view illustrating data transmission between the
base station 101 and the first mobile station 103. The base
station 101 1s going to transmuit a plurality of data A, B, C, D,
E of a first connection 201 and a plurality of data F, G, Hof a
second connection 203 to the first mobile station 103, 1n
whichthe data A, B, C, D, E ofthe first connection 201 and the
data F, G, H of the second connection 203 are both to be
transmitted 1n a plurality of frames I, 11, II1, . . . , IX.

In particular, the base station 101 will transmit the plurality
of data A, B, C, D, E in frames I, I1I, V, VII, IX at an interval
of two frames (1.e. the data transmission interval 1s two
frames), and transmit the plurality of data F, G, H 1n frames I,
V, IX at an interval of four frames (1.e. the data transmission
interval 1s four frames). Then, the base station 101 integrates
the data A, B, C, . . ., H of the first connection 201 and the
second connection 203 into a first time arrangement 205.
Accordingly, the base station 101 will transmuit the data A and
F in frame I, the data B in frame 111, the data C and G 1n frame
V, the data D 1n frame V11, and the data E and H 1n frame IX.

Meanwhile, according to the aforesaid calculation results,
the first mobile station 103 will have the antenna module
powered off during the unused frames (1.e. frames II, IV, VI,
VIII) of the first time arrangement 205.

FIG. 3 1s a schematic view 1llustrating the data transmis-
sion between the base station 101 and the second mobile
station 103. The base station 101 1s going to transmit a plu-
rality of data a, b, ¢, . . ., 1 of a third connection 301 and a
plurality of data 1, k, 1, m, n of a fourth connection 303 to the
second mobile station 105, in which the dataa, b,c,...,10f
the third connection 301 and the data 1, k, 1, m, n of the fourth
connection 303 are also to be transmitted in the plurality of
frames I, II, 111, . . . , IX.

In particular, the base station 101 will transmait the plurality
ofdataa,b,c,...,11n frames I, II, III, . . ., IX at an interval
of one frame (1.¢. the data transmission interval 1s one frame),
and transmit the plurality of dataj, k, I, m, n in frames I, 111, V,
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VI, IX at an interval of two frames (1.e. the data transmission
interval 1s two frames). Then, the base station 101 integrates
the data a, b, ¢, . . ., n of the third connection 301 and the
fourth connection 303 1nto a second time arrangement 305.
Accordingly, the base station 101 will transmit the data a and
11n frame I, the data b in frame II, the data ¢ and k 1in frame 111,
the data d in frame IV, the data e and 1 in frame V, the data f in
frame VI, the data g and m 1n frame VII, the data h 1n frame
V111, and the data 1 and n 1n frame IX.

Meanwhile, according to the aforesaid calculation results,
no frame 1s left unused 1n the second time arrangement 303, so
the second mobile station 1035 1s not allowed to power off the
antenna module thereof.

According to the above descriptions, as long as there 1s data
to transmit in a frame, the mobile station will have to power on
the antenna module thereof for a fixed duration for data trans-
mission purpose regardless of the size of the data. Therelfore,
the power of the mobile station will be excessively consumed
if the data 1s fragmental. For example, in the first time
arrangement 205 of the first mobile station 103, the amount of
data transmitted in the frames III and VII 1s very small.
Likewise, 1n the second time arrangement 305 of the second
mobile station 105, the amount of data transmitted in the
frames I1, IV, VI and VIII 1s also very small. Even with such
fragmentary data, the mobile stations 103, 105 still have to
power on their antenna modules for a fixed duration for data
transmission purpose, causing significant degradation of the
power-saving effect.

On the other hand, when transmitting the data A, B,

C, ..., H of the first mobile station 103 and the data a, b,
C,...,nofthe second mobile station 105, the base station 101
processes the data A, B, C, ..., Hand a, b, ¢, ..., n

simultaneously depending on the data transmission capacity
of the frames. As shown 1n FIG. 4, during the processing of all
the aforesaid data, the base station 101 has to process an
amount of data A, F, a, j in frame I that exceeds the data
transmission capacity of the frame; an amount of data C, G, e,
11n frame V that exceeds the data transmission capacity of the
frame; and an amount of data E, H, 1, n in frame IX that
exceeds the data transmission capacity of the frame. When
such a case occurs, the data 7 intended to be transmitted 1n
frame I, the data | intended to be transmitted in frame V and
the data n intended to be transmitted in frame IX will fail to be
processed by the base station 101, causing a failure in the
scheduling operation of the base station 101. As a conse-
quence, the base station 101 has to force the first mobile
station 103 or the second mobile station 105 to leave the
power-saving mode, making it difficult to save power 1n the
wireless network 1.

According to the above descriptions, the wireless network
1 of the prior art conforming to the IEEE 802.16¢ wireless
network standard and adopting the second power-saving
mode suffers from the following two drawbacks:

1. If there 1s data to transmit in frames corresponding to
several connections of a single mobile station, the
mobile station has to power on the antenna module
thereof for a fixed duration for data transmission pur-
pose regardless of the size of the data. If the data to be
transmuitted 1s msuificient to occupy the whole time win-
dow when the antenna module 1s powered on, the power
ol the mobile station will be excessively consumed 1n an
idle status. As a result, there 1s a sigmificant degradation
of the power-saving eifect.

2. When the number of mobile stations associated with a
single base station increases, the data amount the base
station processes will also increase considerably to
cause a failure in the scheduling operation of the base
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4

station 101. This would force some of the mobile sta-
tions to leave the sleep mode to result in increased power

consumption.

Accordingly, efforts still have to be made by the network
equipment manufacturers and network service providers to
improve the utilization factor of frames in the wireless net-
works and enhance the capability of a base station to process
data of a plurality of mobile stations by solving the aforesaid
two problems with the wireless networks conforming to the
IEEE 802.16e¢ wireless network standard and adopting the
second power-saving mode.

SUMMARY OF THE INVENTION

One objective of this invention 1s to provide a data sched-
uling method for a wireless communication apparatus. The
wireless communication apparatus transmits at least one first
data at a first data transmission interval in a plurality of
frames, transmits at least one second data at a second data
transmission interval in the plurality of frames. Each of the
frames has a data transmission capacity. The data scheduling
method comprises the following steps: determining that a
frame length of the second data transmission interval 1s not
smaller than a frame length of the first data transmission
interval; summing the at least one first data and the at least one
second data according to the frame length of the second data
transmission interval; calculating an average value according,
to the frame length of the second data transmission interval
and the summed result; calculating an aggregate data trans-
mission interval according to the data transmission capacity,
the average value, and an integer adjusting value; and trans-
mitting the at least one first data and the at least one second
data via the plurality of frames at the aggregate data trans-
mission interval.

Another objective of this invention 1s to provide a data
scheduling module for a wireless communication apparatus.
The wireless communication apparatus transmits at least one
first data at a first data transmission 1nterval 1n a plurality of
frames, transmits at least one second data at a second data
transmission interval in the plurality of frames. Each of the
frames has a data transmission capacity. The data scheduling
module comprises a comparison unit, a calculation unit and a
transmission unit. The comparison unit 1s configured to com-
pare a frame length of the second data transmission interval
with a frame length of the first data transmission interval. IT
the frame length of the second data transmission interval 1s
not smaller than the frame length of the first data transmission
interval, the calculation unit sums the at least one first data
and the at least one second data according to the frame length
of the second data transmission interval, calculates an average
value according to the frame length of the second data trans-
mission interval and the summed result, and calculates an
aggregate data transmission interval according to a data trans-
mission capacity, the average value, and an mteger adjusting
value. The transmission unit transmits the at least one first
data and the at least one second data via the plurality of frames
at the aggregate data transmission interval.

This invention provides a computer program product stor-
ing a program which, when being executed, enables a data
scheduling module to execute the aforesaid data scheduling
method for a wireless communication apparatus described
above.

In particular, by integrating the data to be transmitted
through the individual frames corresponding to different con-
nections of mobile stations, this invention reduces the number
of times that the antenna modules of the mobile stations 1n
sleep mode are powered on, thereby conserving power. More-
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over, this invention enhances the capability of a base station to
process the data of a plurality of mobile stations 1n sleep mode
so that unnecessary power consumption of the mobile stations
due to insuificient data transmission capacity of the frames 1s
prevented.

The detailed technology and preferred embodiments
implemented for the subject invention are described 1n the
tollowing paragraphs accompanying the appended drawings

tor people skilled 1n this field to well appreciate the features of
the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a wireless network of the
prior art;

FIG. 2 1s a schematic view illustrating the data transmis-
sion between a base station and a mobile station 1n the wire-
less network of the prior art;

FIG. 3 1s a schematic view illustrating data transmission
between the base station and another mobile station 1n the
wireless network of the prior art;

FIG. 4 1s a schematic view illustrating the data transmis-
sion between the base station and the two mobile stations 1n
the wireless network of the prior art;

FIG. 5 1s a schematic view of a first embodiment of this
invention;

FIG. 6 1s a schematic view illustrating the data transmis-
sion between a base station and a mobile station in the first
embodiment;

FIG. 7 1s a schematic view illustrating the data transmis-
sion between the base station and another mobile station 1n
the first embodiment;

FIG. 8 1s a schematic view illustrating the data transmis-
sion between the base station and the two mobile stations 1n
the first embodiment; and

FIG. 9A to 9C are a flowchart of a second embodiment of
this invention.

L1
M

ERRED

DESCRIPTION OF THE PR
EMBODIMENT

In the following descriptions, this invention will be
explained with reference to embodiments thereot. This mnven-
tion relates to a data scheduling module, a data scheduling
method and a computer program product thereof for a wire-
less communication apparatus. However, the description of
these embodiments 1s only for purposes of 1llustration rather
than limitations. In the following embodiments and the
attached drawings, elements unrelated to this imvention are
omitted from depiction; and the dimensional relationships
among the mdividual elements in the attached drawings are
illustrated only for ease of understanding, but not to limait the
actual scale.

FIG. § depicts a first embodiment of this invention, which
1s a data scheduling module 5 for a wireless communication
apparatus. The data scheduling module 5 comprises a com-
parison unit 501, a calculation umt 503, a transmission unit
505 and a process unit 507. In the first embodiment, the
wireless communication apparatus may be another base sta-
tion 107 in the wireless network 1 conforming to the
IEEER02.16¢ wireless network standard and adopting the
second power-saving mode as depicted in FIG. 1, or any other
wireless communication apparatus capable of data schedul-
ng.

FIG. 6 1s a schematic view illustrating the data transmis-
s1on between the base station 107 comprising the data sched-
uling module § and the first mobile station 103 1n this embodi-
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6

ment. In this embodiment, the base station 107 1s going to
transmit a plurality of first data A, B, C, D, E of a first
communication connection 601 and a plurality of second data

F, GG, H of a second communication connection 603 to the first
mobile station 103, 1n which the first data A, B, C, D, F of the

first communication connection 601 and the second data F, G,
H of the second communication connection 603 are both to be
transmitted 1n a plurality of frames I, I, II1, . . . , IX. Each of
the frames I, II, III, . . . , IX has a data transmission capacity
500 (1.e. the data amount each frame can transmit). In this
embodiment, each frame can transmit four units, 1.e., a data
transmission capacity 500 1s four.

The network equipment manufacturers or network service
providers may set the data amount each frame can transmut,
which will be readily appreciated by those of ordinary skill in
the art and thus will not be further described herein.

In particular, the base station 107 will transmut the first data
A, B, C, D, E of the first communication connection 601 in

frames I, I11, V, VII, IX at a first data transmission interval 502
of two frames (1.e. the frame length of the interval 1s two
frames), and transmit the second data F, G, H of the second
communication connection 603 1n frames I, V, IX at the
second data transmission interval 504 of four frames (i.e. the
frame length of the interval 1s four frames).

FIG. 7 1s a schematic view 1llustrating the data transmis-
s1on between the base station 107 comprising the data sched-
uling module 5 and the second mobile station 105 in this
embodiment. In this embodiment, the base station 107 1s
going to transmit a plurality of thurd dataa, b, c, .. .,10fa third
communication connection 701 and a plurality of fourth data
1, k, I, m, n of a fourth communication connection 703 to the
second mobile station 105, in which the third data a, b,
C, ...,1o0fthe third communication connection 701 and the
fourth data 1, k, 1, m, n of the fourth communication connec-
tion 703 are also to be transmitted 1n the aforesaid of frames
I ILII0, . .., IX.

In particular, the base station 101 will transmit the third
dataa, b, c, ...,10fthe third communication connection 701
in frames I, I1, 111, . . . , IX at a third data transmission interval
506 of one frame (1.e. the frame length of the interval 1s one
frame), and transmit the fourth data 1, k, 1, m, n of the fourth
communication connection 703 in frames I, II1, V, VII, IX at
a fourth data transmission interval 508 of two frames (1.e. the
frame length of the interval 1s two frames).

The process unit 507 of the data scheduling module 5 sets
a first delay constraint value 510 according to an attribute (not
shown) of the first data A, B, C, D, E, sets a second delay
constraint value 512 according to an attribute (not shown) of
the second data F, G, H, sets a third delay constraint value 514
according to an attribute (not shown) of the third data a, b,
C,...,1,andsets a fourth delay constraint value 316 according
to an attribute (not shown) of the fourth data 1, k, 1, m, n.

A delay constraint value represents the maximum toler-
ance to delay 1n data transmissions. In this embodiment, the
process unit 307 of the data scheduling module 5 sets the first
delay constraint value 510 to be 4, which means that the base
station 107 1s allowed to transmait the first data of maximum
delay of four frames. For example, the base station 107 1s
originally scheduled to transmuit the first data A of the first
communication connection 601 in frame I. Because the pro-
cess unit 307 of the data scheduling module 5 has set the first
delay constraint value 510 to be 4, the latest time at which the
base station 107 1s allowed to transmait the first data A 1s during
frame IV. Also, the base station 107 1s originally scheduled to
transmuit the first data C of the first communication connection
601 1n the frame V, and because the first delay constraint value
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510 has been set to be 4, the latest time at which the base
station 107 1s allowed to transmit the first data C 1s during

frame VIII.

In this embodiment, apart from setting the first delay con-
straint value 510 to be 4, the process unit 507 of the data
scheduling module 5 also sets the second delay constraint
value 512 to be 8 according to the attribute of the second data
F, G, H, sets the third delay constraint value 514 to be 2
according to the attribute of the third data a, b, ¢, ..., 1, and
sets the fourth delay constraint value 516 to be 2 according to
the attribute of the fourth data 1, k, 1, m, n respectively.

It should be appreciated that, this invention has no limita-
tion on the magnitudes of the individual delay constraint
values, and those of ordinary skill in the art may set delay
constraint values of different magnitudes according to the
attributes of the data.

Because both the first communication connection 601 and
the second communication connection 603 are going to trans-
mit data (1.e. the first data and the second data) to the first
mobile station 103, the base station 107 will aggregate the
first data and the second data. At this point, the comparison
unit 501 compares the frame length (i.e. 2) of the first data
transmission interval 502 with the frame length (1.¢. 4) of the
second data transmission interval 504.

When the frame length of the second data transmission
interval 504 1s not smaller than the frame length of the first
data transmission interval 502, the calculation unit 503 sums
the first data and the second data according to the second data
transmission interval 504 which has a larger frame length. For
example, the calculation unit 503 sums the first data A, B of
the first communication connection 601 and the second data F
of the second communication connection 603 contained 1n
the frames I, II, III, IV to obtain a first summed data amount
(1.e. 4). Then, the calculation unit 503 calculates a first aver-
age value (not shown) according to the second data transmis-
sion 1nterval 504 (i.e. 4) and the first summed data amount
(1.e. 4). According to the above calculations, the first average
value 1s calculated by the calculation unit 503 to be 1.

Afterwards, the calculation unit 503 calculates a first
aggregate data transmission interval 518 as follows:

— XX Ty
Tl

=

where 1, represents the first aggregate data transmission
interval 518, T, represents the first average value, £2 repre-
sents the data transmission capacity 300, and T, represents a
first 1nteger adjusting value (not shown). The first integer
adjusting value 1s a minimum value that can make the first
aggregate data transmission interval 518 to be an integer.
According to the atoresaid data (1.e. the first average value 1s
1 and the data transmission capacity 500 1s 4), the first integer
adjusting value 1s calculated by the calculation unit 503 to be
1, and the first aggregate data transmission interval 518 1s
calculated by the calculation unit 503 to be 4.

Afterwards, the base station 107 integrates the data A, B,
C, ..., Hofthe first communication connection 601 and the
second communication connection 603 according to the
aforesaid calculation results, and transmits these data in
frames III and VII according to a first transmission time
arrangement 603. In more detail, since the first delay con-
straint value 510 1s smaller than the second delay constraint
value 512, the transmission unit 505 will transmait the first data
A, B, C, D, E of the first communication connection 601 and
the second data F, G, H of the second communication con-
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nection 603 according to the first aggregate data transmission
interval 518 (1.e. 4) and the first delay constraint value 510

(1.e. 4) 1n the first transmission time arrangement 605 to
prevent the firstdata A, B, C, D, E

E of the first communication
connection 601 from violating the respective delay constraint
value (1.¢. 4).

In particular, according to the first aggregate data transmis-
sion interval 518 (1.e. 4) and the first delay constraint value
510 (1.e. 4), the process unit 507 aggregates the first data A, B
and the second data F mto frame III or frame IV of the first
transmission time arrangement 603 for transmission by the
transmission unit 505. Meanwhile, the process unit 507
aggregates the first data C, D and the second data G into frame
VII or frame VIII of the first transmission time arrangement
605 for transmission by the transmission unit 505. Because
the first data A, B and the second data F can be designated by
the process unit 507 to be transmitted 1n one of the frames III,
IV, the frames III, IV are said to be a feasible slot. Likewise,
because the first data C, D and the second data G can be
designated by the process unit 307 to be transmitted in one of
the frames VI1I, VIII, the frames VII, VIII are also said to be a
feasible slot.

On the other hand, because both the third communication
connection 701 and the fourth communication connection
703 are going to transmit data (1.¢. the third data and the fourth
data) to the second mobile station 105, the base station 107
will ag gregate the third data and the fourth data. At this point,
the comparison unit 501 compares the frame length (1.e. 1) of
the third data transmission interval 506 with the frame length
(1.e. 2) of the fourth data transmission interval 508.

When the frame length of the fourth data transmission
interval 508 1s not smaller than the frame length of the third
data transmission interval 506, the calculation unit 503 sums
the third data and the fourth data according to the fourth data
transmission interval 508 which has a larger frame length. For
example, the calculation unit 503 sums the third data a, b of
the third communication connection 701 and the fourth data j
of the fourth communication connection 703 contained in the
frames I, II to obtain a second summed data amount (1.¢. 4).
Then, the calculation unit 503 calculates a second average
value (not shown) according to the fourth data transmission
interval 508 (1.e. 2) and the second summed data amount (i.e.
4). According to the above calculations, the second average
value 1s calculated by the calculation unit 503 to be 2.

Afterwards, the calculation unit 503 calculates a second
aggregate data transmission interval 522 according to the
equation used previously to calculate the first aggregate data
transmission 1nterval 518 as follows:

—XQXTCZ
2

1 =

where 1, represents the second aggregate data transmis-
sion interval 522, T, represents the second average value, €2
represents the data transmission capacity 300, and T -, repre-
sents a second integer adjusting value (not shown). The sec-
ond integer adjusting value 1s a minimum value that can make
the second aggregate data transmission interval 522 to be an
integer. According to the aforesaid data (1.e. the second aver-
age value 1s 2 and the data transmission capacity 500 is 4), the
second integer adjusting value 1s calculated by the calculation
unit 503 to be 1, and the second aggregate data transmission
interval 522 1s calculated by the calculation unit 503 to be 2.

Afterwards, the base station 107 integrates the data a, b,
C, ..., nofthe third communication connection 701 and the
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fourth communication connection 703 according to the afore-
said calculation results, and transmits these data 1n the frames
I1, IV, VI and VIII according to a second transmission time
arrangement 705. In more detail, since the third delay con-
straint value 514 1s equal to the fourth delay constraint value
516, the transmission unit 505 will transmit the third data a, b,
e, ..., 101 the third communication connection 701 and the
fourth data 1, k, 1, m, n of the fourth communication connec-
tion 703 according to the second aggregate data transmission
interval 522 (1.e. 2) and either the third delay constraint value
514 or the fourth delay constraint value 516 (1.e. 2) in the
second transmission time arrangement 705, to prevent the
third dataa. b, e, ...,10fthe third communication connection
701 or the fourth data 1, k, 1, m, n of the fourth communication
connection 703 from violating the respective delay constraint
value (1.e. 2).

In particular, according to the second aggregate data trans-
mission interval 522 (1.e. 2) and either the third delay con-
straint value 514 or the fourth delay constraint value 516 (i.¢.
2), the process unit 507 aggregates the third data a, b and the
fourth data 7 into frame II of the second transmission time
arrangement 7035 for transmission by the transmission unit
505; aggregates the third data ¢, d and the fourth data k into
frame IV of the second transmission time arrangement 703
for transmission by the transmission unit 505; aggregates the
third data e, 1 and the fourth data 1 into frame VI of the second
transmission time arrangement 7035 for transmission by the
transmission unit 505; and aggregates the third data g, h and
the fourth data m 1nto frame VIII of the second transmission
time arrangement 7035 for transmission by the transmission
unit 505.

Because the third data a, b and the fourth data 1 are desig-
nated by the process unit 507 to be transmitted only 1n a single
trame II; the third data ¢, d and the fourth data k are designated
to be transmitted only 1n a single frame IV, the third data e, T
and the fourth data 1 are designated to be transmitted only 1n
a single frame VI; and the third data g, h and the fourth datam
are designated to be transmitted only 1n a single frame VIII,
the second transmission time arrangement 705 comprises the
teasible slot with the size of one frame.

According to the above descriptions, the first mobile sta-
tion 103 will have the antenna module thereof powered off
during unused frames (1.e. frames I, 11, IV, V, VI, VIII, IX) of
the first transmission time arrangement 605, and the second
mobile station 105 will have the antenna module thereof
powered off during unused frames (1.e. frames I, 111, V, VII,
IX) of the second transmission time arrangement 705. Hence,
with the data scheduling module 5 of this embodiment, the
wireless communication apparatus (e.g. the base station 107)
may aggregate the data to be transmitted 1n a single frame and
leave more frames unused, thereby conserving power by pro-
longing the time durations 1n which the mobile stations 103,
1035 have their antenna modules powered off.

Afterwards, according to the data transmission capacity
500 of the frames and the atoresaid feasible slots, the calcu-
lation unit 503 arranges transmission of the data A, B,
C, ..., H of the first mobile station 103 and the data a, b,
C, ..., n of the second mobile station 105 through the
maximum flow algorithm. As depicted 1in FIG. 8, when pro-
cessing all the aforesaid data (1.e. the first, the second the
third and the fourth data), the calculation unit 503 arranges
the data a, b, j of the second transmission time arrangement
705 1n frame II; arranges the data A, F, B of the {irst transmis-
sion time arrangement 605 1n frame I1I; arranges the data c, k,
d of the second transmission time arrangement 703 1n frame
IV, arranges the data e, 1, T of the second transmission time
arrangement 705 1n frame VI; arranges the data C, G, D of the
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first transmission time arrangement 605 in frame VII; and
arranges the data g, m, h of the second transmission time
arrangement 705 1 frame VIII.

In this way, by using the feasible slots and the maximum
flow algorithm, the wireless communication apparatus (e.g.
the base station 107) using the data scheduling module 5 of
this embodiment 1s provided with improved capability to
process data of a plurality of mobile stations 1n sleep mode.
This prevents the mobile stations from being forced to leave
the sleep mode due to an madequate scheduling capabaility.
The operations of the maximum flow algorithm will be
readily appreciated by those of ordinary skill 1n the art based
on basic theories of general data scheduling and, thus, will not
be further described herein.

Additionally, although the first embodiment only 1llus-
trated the data transmissions from the base stations to the
mobile stations, this mvention i1s not merely limited thereto;
1.€., the operations of data transmissions from the mobile
stations to the base stations will be readily appreciated by
those of ordinary skill 1n the art based on the above descrip-

tion and, thus, will not be further described herein.

FIGS. 9A through 9C depict a second embodiment of this
invention, which is a data scheduling method. The data sched-
uling method 1s adapted for use in a data scheduling module
5, such as the data scheduling module 5 for a wireless com-
munication apparatus described in the first embodiment. The
wireless communication apparatus transmits at least one first
data at the first data transmission interval in a plurality of
frames and at least one second data at a second data transmis-
s1on 1nterval 1 a plurality of frames to a first mobaile station.
Also, the wireless communication apparatus transmits at least
one third of the data 1n the third data transmission interval 1n
the plurality of frames and at least one fourth data 1n the fourth
data transmission interval in the plurality of frames to a sec-
ond mobile station. Each of the frames has a data transmission
capacity.

More specifically, the data scheduling method of the sec-
ond embodiment may be implemented by a computer pro-
gram product. When the computer program product is loaded
into the data scheduling module 5 via a computer and a
plurality of codes of the computer program product 1s
executed, the data scheduling method of the second embodi-
ment can be accomplished. This computer program product
may be stored 1n a tangible machine-readable medium, such
as aread only memory (ROM), a flash memory, a tloppy disk,
a hard disk, a compact disk, a mobile disk, a magnetic tape, a
database accessible to networks, or any other storage media
with the same function and well known to those skilled in the
art.

In the second embodiment, the scheduling associated with
the at least one first data and the at least one second data
comprises the following steps as depicted 1n FIG. 9A. Ini-
tially, step 901 1s executed to set a first delay constraint value
according to an attribute of the at least one first data, and step
903 1s executed to set a second delay constraint value accord-
ing to an attribute of the at least one second data. Next, step
905 1s executed to compare a frame length of the first data
transmission interval and a frame length of the second data
transmission 1nterval. If the frame length of the second data
transmission 1nterval 1s not smaller than the frame length of
the first data transmission interval, step 907 1s executed to
sum the at least one first data and the at least one second data
according to the frame length of the second data transmission
interval. Afterwards, step 909 1s executed to calculate a first
average value according to the frame length of the second data
transmission interval and the summed result of step 907.
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On the other hand, 11 the frame length of the second data
transmission interval 1s smaller than the frame length of the
first data transmission interval, step 911 1s executed to sum
the at least one first data and the at least one second data
according to the frame length of the first data transmission
interval. Afterwards, step 913 1s executed to calculate the first
average value according to the frame length of the first data
transmission interval and the summed result of step 911.

After the first average value i1s calculated, step 915 1s
executed to calculate a first aggregate data transmission 1nter-
val according to the data transmission capacity, the first aver-
age value and a first integer adjusting value. Then, step 917 1s
executed to place the at least one first data and the at least one
second data mto one of the frames according to the data
transmission capacity. Thereafter, step 919 1s executed to
compare the first delay constraint value and the second delay
constraint value. If the first delay constraint value 1s not
greater than the second delay constraint value, step 921 1is
executed to transmit the at least one first data and the at least
one second data 1n the frames at the first aggregate data
transmission interval and with the first delay constraint value.
Otherwise, 11 1t 1s determined 1n step 919 that the first delay
constraint value 1s greater than the second delay constraint
value, step 923 1s executed to transmit the at least one first data
and the at least one second data 1n the frames at the first
agoregate data transmission interval and with the second
delay constraint value.

In the second embodiment, the scheduling associated with
the at least one third data and the at least one fourth data
comprises the following steps as depicted 1n FIG. 9B. Ini-
tially, step 931 1s executed to set a third delay constraint value
according to an attribute of the at least one third data, and step
933 15 executed to set a fourth delay constraint value accord-
ing to an attribute of the at least one fourth data. Next, step 9335
1s executed to compare a frame length of the third data trans-
mission interval and a frame length of the fourth data trans-
mission interval. If the frame length of the fourth data trans-
mission interval 1s not smaller than the frame length of the
third data transmission interval, step 937 1s executed to sum
the at least one third data and the at least one fourth data
according to the frame length of the fourth data transmission
interval. Afterwards, step 939 1s executed to calculate a sec-
ond average value according to the frame length of the fourth
data transmission interval and the summed result of step 937.

On the other hand, i the frame length of the fourth data
transmission interval 1s smaller than the frame length of the
third data transmission interval, step 941 1s executed to sum
the at least one third data and the at least one fourth data
according to the frame length of the third data transmission
interval. Afterwards, step 943 i1s executed to calculate the
second average value according to the frame length of the
third data transmission interval and the summed result of step
041.

After the second average value 1s calculated, step 945 1s
executed to calculate a second aggregate data transmission
interval according to the data transmission capacity, the sec-
ond average value and a second integer adjusting value. Then,
step 947 1s executed to place the at least one third data and the
at least one fourth data into one of the frames according to the
data transmission capacity. Thereafter, step 949 1s executed to
compare the third delay constraint value and the fourth delay
constraint value. If the third delay constraint value 1s not
greater than the fourth delay constraint value, step 951 1is
executed to transmit the at least one third data and the at least
one fourth data in the frames at the second aggregate data
transmission interval and with the third delay constraint
value. Otherwise, 11 1t 1s determined 1n step 949 that the third
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delay constraint value i1s greater than the fourth delay con-
straint value, step 953 1s executed to transmit the at least one
third data and the at least one fourth data 1n the frames at the
second aggregate data transmission interval and with the
fourth delay constraint value.

In reference to FIG. 9C, when the wireless communication
apparatus comprises the data scheduling module 5 and 1s
ready to process the at least one first data, the at least one
second data, the at least one third data and the at least one
fourth data for transmission, the data scheduling method pro-
ceeds to step 961 to transmit the frames containing the at least
one first data, the at least one second data, the at least one third
data and the at least one fourth data at different times accord-
ing to the feasible slots.

In addition to the aforesaid steps, the second embodiment
can also execute the operations and functions set forth with
respect to the data scheduling module 5 of the first embodi-
ment. The methods 1n which the second embodiment
executes these operations and functions will be readily appre-
ciated by those of ordinary skill in the art based on the expla-
nation of the first embodiment and, thus, will not be further
described herein.

According to the above descriptions, by integrating the
data to be transmitted through individual frames 1n different
connections of the mobile stations, the data scheduling mod-
ule, method and computer program product thereof of this
invention reduces the number of times that the mobile stations
power on the antenna modules during the sleep mode, thereby
achieving power-saving. Moreover, this invention enhances
the capability of a base station to process the data of a plural-
ity of mobile stations 1n sleep mode, so the case 1n which the
mobile stations are forced to leave the sleep mode due to
inadequate data scheduling capability of the base station 1s
turther avoided.

The above disclosure 1s related to the detailed technical
contents and inventive features thereol. People skilled in this
field may proceed with a variety of modifications and replace-
ments based on the disclosures and suggestions of the inven-
tion as described without departing from the characteristics
thereof. Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered 1n the following
claims as appended.

What 1s claimed 1s:

1. A data scheduling method for a wireless communication
apparatus, wherein the wireless communication apparatus
transmits at least one first data at a first data transmission
interval 1n a plurality of frames and transmits at least one
second data at a second data transmission interval in the
plurality of frames, and each of the frames has a data trans-
mission capacity, the data scheduling method comprising the
steps of:

determiming that a frame length of the second data trans-

mission interval 1s not smaller than a frame length of the
first data transmission interval;

summing the at least one first data and the at least one

second data according to the frame length of the second
data transmission interval;

calculating, by the wireless communication apparatus, a

first average value according to the frame length of the
second data transmission interval and the summed result
of the at least one first data and the at least one second
data;

calculating a {first aggregate data transmission interval

according to the data transmission capacity, the first
average value and a first integer adjusting value; and
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transmitting the at least one first data and the at least one
second data at the first aggregate data transmaission inter-
val 1n the plurality of frames.

2. The data scheduling method of claim 1, wherein the step
of calculating the first aggregate data transmission interval
turther comprises the step of:

calculating the first aggregate data transmission interval

according to the following equation:

1
= —xOxT
1 T C

where 1 represents the first aggregate data transmission
interval, T represents the first average value, £2 repre-
sents the data transmission capacity, and T - represents
the first integer adjusting value.

3. The data scheduling method of claim 1, further compris-
ing the steps of:

setting a {first delay constraint value according to an

attribute of the at least one first data;

setting a second delay constraint value according to an

attribute of the at least one second data; and
determining that the first delay constraint value 1s not
greater than the second delay constraint value;

wherein the at least one first data and the at least one second

data are transmitted 1n the plurality of frames according
to the first delay constraint value and at the first aggre-
gate data transmission interval.

4. The data scheduling method of claim 3, wherein the
wireless communication apparatus further transmits at least
one third data at a third data transmission interval in the
plurality of frames and at least one fourth data at a fourth data
transmission interval in the plurality of frames, the data
scheduling method further comprising the steps of:

determining that a frame length of the fourth data trans-

mission interval 1s not smaller than a frame length of the
third data transmission interval;

summing the at least one third data and the at least one

fourth data according to the frame length of the fourth
data transmission interval;

calculating a second average value according to the frame

length of the fourth data transmaission interval and the
summed result of the at least one third data and the at
least one fourth data;
calculating a second aggregate data transmaission interval
according to the data transmission capacity, the second
average value and a second integer adjusting value; and

transmitting the at least one third data and the at least one
fourth data 1n the plurality of frames at the second aggre-
gate data transmission interval.

5. The data scheduling method of claim 4, wherein the step
of calculating the second aggregate data transmission interval
turther comprises the step of:

calculating the second aggregate data transmission interval
according to the following equation:

1
n=—-xXOXT,
-

where 1 represents the second aggregate data transmission
interval, T represents the second average value, £2 rep-
resents the data transmission capacity, and T - represents
the second integer adjusting value.
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6. The data scheduling method of claim 4, wherein the at
least one first data and the at least one second data are trans-
mitted to a first mobile apparatus, and the at least one third
data and the at least one fourth data are transmitted to a second
mobile apparatus.

7. The data scheduling method of claim 4, further compris-
ing the steps of:

setting a third delay constraint value according to an

attribute of the at least one third data;

setting a fourth delay constraint value according to an

attribute of the at least one fourth data; and
determiming that the third delay constraint value 1s not
greater than the fourth delay constraint value;

wherein the at least one third data and the at least one fourth

data are transmitted in the plurality of frames according
to the third delay constraint value and at the second
aggregate data transmission interval.

8. The data scheduling method of claim 4, further compris-
ing the steps of:

placing the at least one first data and the at least one second
data 1into one of the plurality of frames according to the
data transmission capacity;

placing the at least one third data and the at least one fourth
data into one of the plurality of frames according to the
data transmission capacity; and

transmitting the frame containing the at least one first data
and the at least one second data, as well as the frame
containing the at least one third data and the at least one
fourth data at different times according to a feasible slot.

9. An apparatus comprising a data scheduling module,
wherein the apparatus transmits at least one first data at a first
data transmission interval 1n a plurality of frames and trans-
mits at least one second data at a second data transmission
interval 1n the plurality of frames, and each of the frames has
a data transmission capacity, the data scheduling module
comprising;

a comparison unit, being configured to compare a frame
length of the second data transmission interval with a
frame length of the first data transmission interval;

a calculation unit, being configured to, 1f the frame length
of the second data transmission interval 1s not smaller
than the frame length of the first data transmission inter-
val, sum the at least one first data and the at least one
second data according to the frame length of the second
data transmission interval, calculate a first average value
according to the frame length of the second data trans-
mission interval and the summed result of the at least one
first data and the at least one second data, and calculate
a first aggregate data transmission 1nterval according to
the data transmission capacity, the first average value
and a first integer adjusting value; and

a transmission unit, being configured to transmit the at least
one first data and the at least one second data in the
plurality of frames at the first aggregate data transmis-
s1on 1nterval.

10. The data scheduling module of claim 9, wherein the
calculation unit 1s configured to calculate the first aggregate
data transmission interval according to the following equa-
tion:

|
= —xOxT
1y - C

where M represents the first aggregate data transmission
interval, T represents the first average value, €2 repre-
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sents the data transmission capacity, and T -~ represents
the first integer adjusting value.

11. The data scheduling module of claim 9, further com-
prising a process unit being configured to set a first delay
constraint value according to an attribute of the at least one
first data and set a second delay constraint value according to
an attribute of the at least one second data, wherein the com-
parison unit determines that the first delay constraint value 1s
not greater than the second delay constraint value, and the
transmission unit transmits the at least one first data and the at
least one second data in the plurality of frames according to
the first delay constraint value and at the first aggregate data
transmission interval.

12. The data scheduling module of claim 11, wherein the

wireless communication apparatus further transmits at least
one third data at a third data transmission interval in the
plurality of frames and at least one fourth data at a fourth data
transmission interval in the plurality of frames, wherein:

the comparison unit 1s configured to compare a frame

length of the fourth data transmission interval with a
frame length of the third data transmission interval;

the calculation unit 1s configured to, 1f the frame length of

the fourth data transmission interval 1s not smaller than
the frame length of the third data transmission interval,
sum the at least one third data and the at least one fourth
data according to the frame length of the fourth data
transmission interval, calculate a second average value
according to the frame length of the fourth data trans-
mission interval and the summed result of the at least one
third data and the at least one fourth data, and calculate
a second aggregate data transmission interval according
to the data transmission capacity, the second average
value and a second integer adjusting value; and

the transmission unit 1s configured to transmit the at least

one third data and the at least one fourth data in the
plurality of frames at the second aggregate data trans-
mission interval.

13. The data scheduling module of claim 12, wherein the
calculation unit 1s configured to calculate the second aggre-
gate data transmission interval according to the following
equation:

1
n=—xXOXT,
-

where 1 represents the second aggregate data transmission
interval, T represents the second average value, £2 rep-
resents the data transmission capacity, and T - represents
the second integer adjusting value.

14. The data scheduling module of claim 12, wherein the at
least one first data and the at least one second data are trans-
mitted to a first mobile apparatus, and the at least one third
data and the at least one fourth data are transmitted to a second
mobile apparatus.

15. The data scheduling module of claim 12, wherein the
process unit 1s configured to set a third delay constraint value
according to an attribute of the at least one third data and set
a fourth delay constraint value according to an attribute of the
at least one fourth data, the comparison unit 1s configured to
determine that the third delay constraint value 1s not greater
than the fourth delay constraint value, and the transmission
unit 1s configured to transmit the at least one third data and the
at least one fourth data 1n the plurality of frames according to
the third delay constraint value and at the second aggregate
data transmission interval.
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16. The data scheduling module of claim 12, wherein the
process unit 1s configured to place the at least one first data
and the at least one second data into one of the plurality of

frames according to the data transmission capacity and place
the at least one third data and the at least one fourth data into
one of the plurality of frames according to the data transmis-
s10n capacity, and the transmission unit is configured to trans-
mit the frame containing the at least one first data and the at
least one second data, as well as the frame containing the at
least one third data and the at least one fourth data at different
times according to a feasible slot.

17. A computer program product storing a program on a
non-transitory, machine-readable medium, which when
executed by a wireless communication apparatus causes the

wireless communication apparatus to transmit at least one
first data at a first data transmission 1nterval 1n a plurality of
frames and transmits at least one second data at a second data
transmission interval in the plurality of frames, and each of
the frames has a data transmission capacity, the program
comprising;

a code A for a comparison unit to determine that a frame
length of the second data transmission interval 1s not
smaller than a frame length of the first data transmission
interval;

a code B for a calculation unit to sum the at least one first
data and the at least one second data according to the
frame length of the second data transmission interval;

a code C for the calculation unit to calculate a first average
value according to the frame length of the second data
transmission interval and the summed result of the at
least one first data and the at least one second data;

a code D for the calculation unit to calculate a first aggre-
gate data transmission interval according to the data
transmission capacity, the first average value and a first
integer adjusting value; and

a code E for a transmission unit to transmuit the at least one
first data and the at least one second data in the plurality
of frames at the first aggregate data transmission inter-
val.

18. The computer program product of claim 17, wherein

the code D further comprises:

a code D1 for the calculation unit to calculate the first
aggregate data transmission interval according to the
following equation:

1
n:;xﬂxﬂ;

where 1 represents the first aggregate data transmission
interval, T represents the first average value, €2 repre-
sents the data transmission capacity, and T - represents
the first integer adjusting value.

19. The computer program product of claim 17, wherein

the program further comprises:

a code F for a process unit to set a first delay constraint
value according to an attribute of the at least one first
data;

a code G for the process unit to set a second delay con-
straint value according to an attribute of the at least one
second data; and

a code H for the comparison unit to determine that the first
delay constraint value 1s not greater than the second
delay constraint value;

a code I for the transmission unit to transmit the at least one
first data and the at least one second data in the plurality
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of frames according to the first delay constraint value

and at the first aggregate data transmission interval.

20. The computer program product of claim 19, wherein
the wireless communication apparatus further transmits at
least one third data at a third data transmission interval in the
plurality of frames and at least one fourth data at a fourth data
transmission 1nterval in the plurality of frames, and the pro-
gram further comprises:

a code I for the comparison unit to determine that a frame
length of the fourth data transmission interval is not
smaller than a frame length of the third data transmission
interval;

a code K for the calculation unit to sum the at least one
third data and the at least one fourth data according to
the frame length of the fourth data transmission inter-

val;

a code L for the calculation unit to calculate a second
average value according to the frame length of the
fourth data transmission interval and the summed
result of the at least one third data and the at least one
fourth data;

a code M for the calculation umit to calculate a second
aggregate data transmission interval according to the
data transmission capacity, the second average value
and a second 1nteger adjusting value; and

a code N for the transmission unit to transmait the at least
one third data and the at least one fourth data 1n the
plurality of frames at the second aggregate data trans-
mission interval.

21. The computer program product of claim 20, wherein
the code M further comprises:

a code M1 for the calculation unit to calculate the second

aggregate data transmission interval according to the

following equation:

1
n=—-xOXT,
-

where 1 represents the second aggregate data transmission
interval, T represents the second average value, €2 rep-
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resents the data transmission capacity, and T ~represents
the second integer adjusting value.

22. The computer program product of claim 20, wherein
the at least one first data and the at least one second data are
transmitted to a first mobile apparatus, and the at least one
third data and the at least one fourth data are transmitted to a
second mobile apparatus.

23. The computer program product of claim 20, wherein
the program further comprises:

a code O for the process unit to set a third delay constraint
value according to an attribute of the at least one third
data;

a code P for the process unit to set a fourth delay constraint
value according to an attribute of the at least one fourth
data; and

a code Q for the comparison unit to determine that the third
delay constraint value 1s not greater than the fourth delay
constraint value;

a code R for the transmission unit to transmait the at least
one third data and the at least one fourth data in the
plurality of frames according to the third delay con-
straint value and at the second aggregate data transmis-
sion 1nterval.

24. The computer program product of claim 20, wherein

the program further comprises:

a code U for the process unit to place the at least one first
data and the at least one second data into one of the
plurality of frames according to the data transmission
capacity;

a code V for the process unit to place the at least one third
data and the at least one fourth data into one of the
plurality of frames according to the data transmission
capacity; and

a code W for the transmission unit to transmit the frame
containing the at least one first data and the at least one
second data, as well as the frame containing the at least
one third data and the at least one fourth data at different
times according to a feasible slot.
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